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Purposes 
• li ~irQl,O. ~.Niel21~Whg bf-'.:tie requirements for successful estab· 
•, li~me~t ?µ'c_.(e,~\ ,~~ration. ·. 
, . To beccm'i?t'aih~lar with the vari8us reforestation and site preparation 
'techniques that can be used. 
• To gain an appreciation of the importance of proper planning for 
establishing the type of forest you want. 
Proper Planning Is Essential 
Successful forest regeneration or renewal of the forest is the most important 
phase of forest management, whether the management goal is for timber, 
water, recreation, wildlife, or a combination of these. Proper planning, begin· 
ning with the forest harvesting operation, is essential in obtaining the type of 
regeneration desired. 
As a landowner, you have two broad choices in planning for regeneration: You 
can rely on Mother Nature, or you can use some form of artificial regeneration. 
Either choice requires treating the forest if you are going to get the type of 
regeneration you need to meet your selected goal. 
Obtaining regeneration the natural way is often thought to be easy and inex· 
pensive. This is sometimes true, but natural regeneration without proper plan· 
ning and control frequently results in the growth of species other than those 
desired and poor distribution of trees. 
Ecological Concepts 
lo control the type of species that will regenerate, you need to understand the 
ecological concepts of tolerance and succession. 
Tolerance refers to the ability of a tree to develop and grow in competition with 
other trees. Tolerance dictates the type of harvesting and regeneration method 
to use. In Minnesota, species such as jack pine and aspen are very intolerant, 
red pine is a bit more tolerant, and white pine is even more tolerant. Species 
such as balsam fir, basswood, and sugar maple are very tolerant and will 
regenerate in the shade of other trees. 
Succession refers to the development on the same site of a forest stand from 
successive replacement of one plant community by another of a different 
growth form. The first species to appear are called pioneers. These are rela• 
tively short-lived and very intolerant of developing and growing in competition 
for sun and moisture. As the pioneer species die, they gradually are replaced 
by more tolerant species. 
This replacement process continues until the climax or final succession stage 
is reached. At this point the forest consists entirely of tolerant species that can 
reproduce in shade and compete well. The forest is considered stable at this 
point, and succession ends unless some type of disturbance occurs. 
Frequently the climax stage is never reached because man harvests the forest 
before it reaches that point or because fire, wind, or some natural catastrophe 
destroys it. Then the successional process begins again as pioneer plants and 
trees invade the area. 
Natural Regeneration 
REPRODUCTION BY SEEDING 
There are two types of natural regeneration. One is accomplished through 
seeding as seed is produced in the tree, ripens, and falls to the ground. Actu• 
ally, only a small percentage of the seed that is produced and falls ever results 
in the establishment of a seedling. A number of environmental conditions 
must be met for natural seeding to be successful: 
1) There must be an adequate supply of seed available. Frequency of 
seed crops varies between species. Seeds of Woody Plants in the 
United States, USDA Agriculture Handbook 450, is a good source of 
information on seed crop frequency. Growing Trees from Seed, Uni· 
versity of Minnesota Extension Folder 249, is another good source. 
2) There must be a receptive seedbed. Providing such a seedbed usually 
involves some type of site preparation that removes the ground litter 
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and organic layer to expose mineral soil, enabling 
the seed to get enough moisture for germination 
and growth. 
3) Adequate moisture must be available. Lack of mois-
ture resulting from insufficient precipitation is a 
major cause of seeding failure. 
4) Temperatures must be high enough so seeds will 
germinate but not so high as to kill the seedlings. 
5) Rodent predation of seed and vegetative competi-
tion, such as from grasses, must be controlled. 
Since so many of the above factors cannot be controlled, 
successful regeneration by natural seeding carries a high 
risk. 
VEGETATIVE REPRODUCTION 
The second method of obtaining natural regeneration is 
through vegetative means. Sprouting, suckering, and layer-
ing are the three types of vegetative regeneration. 
Sprouting. Sprouts are trees that originate from a cut 
stump. Some of the species that regenerate in this manner 
are oak, maple, basswood, and birch. The most vigorous 
sprouting occurs when the cutting is done during the dor-
mant season rather than during the growing season. Gener-
ally, the smaller and younger the tree is when cut, the better 
the sprouts will be. 
It is a good practice to keep the stumps as low as possible. 
Usually a number of stems will sprout from a cut stump. Let 
them all develop until a single best one can be selected. 
Then cut the others. 
An area can be regenerated in this manner. The stumps 
should be well distributed throughout the area to avoid 
developing a clumpy-type stand. 
Suckering. Trees such as aspen and black locust will 
regenerate from the root system. The new seedlings are 
referred to as root suckers. For best results, the stand 
should be harvested in the dormant season. 
For an intolerant species like aspen, successful regeneration 
by suckering depends on removal of all of the overhead 
canopy. The area should be clearcut. 
Layering. Layering refers to regeneration that develops when 
low hanging branches of species such as black spruce, bal-
sam fir, and northern white-cedar become overgrown with 
organic matter. Dormant buds become activated and 
develop a new root system and stem. This means of repro-
duction is especially important in production of northern 
white-cedar for deer browse. 
Cuttings also can be used to grow new trees. On species 
such as willow and cottonwood, sections of living branches 
are placed in moist sand or water. A new root system will 
develop and the branch section will become a new tree. 
Artificial Regeneration 
DIRECT SEEDING 
Direct seeding is the process of establishing a forest much 
as Mother Nature does but trying to control how, when, and 
where the seed is placed. The requirements for success 
such as site preparation, moisture, and temperature are 
much the same as with natural seeding. Often the seed is 
treated to protect it from diseases as well as from rodent 
and bird predation. 
The seed sometimes is spread broadcast fashion through-
out the area. For small acreages, a hand-operated cyclone 
seeder can be used. For better control over tree spacing and 
density, the seed can be placed by hand in rows or in spots. 
A general rule of thumb is that for broadcast seeding about 
ten seeds are needed to get one surviving seedling. This 
ratio is about five to one for row or spot seeding. Seeding in 
Minnesota generally is done in September or October. Avoid 
seeding in the summer, for moisture conditions usually are 
unsuitable. 
Direct seeding can be inexpensive if it is successful, and it 
does not have to be repeated. The risk with seeding is far 
greater than with planting, however. Lack of control over 
spacing and density is a real disadvantage. Also, it is a rela-
tively inefficient use of expensive seed. 
PLANTING 
Planting is a much surer way to establish a forest. Trees are 
placed at predetermined spacings. Planting stock is expen-
sive, with cost varying directly with size of stock and number 
of trees planted per acre. Planting stock can be obtained 
from both public and commercial nurseries. Planting can be 
done either by hand or machine. Most tree planting in Min-
nesota is done in the spring. 
Regeneration by Planting 
STOCK AGE 
Nursery catalogs usually list planting stock at 1-0, 2-0, 3-0, 2-
2, or some other combination of two numerals. The first 
numeral refers to the number of years a tree has spent in a 
seedbed; the second numeral is the number of years the 
tree has spent in a transplant bed. Therefore, a tree listed as 
2-2 actually is four years old and is referred to as a trans-
plant. Transplanting during the nursery process is done to 
improve root development and stem size. Trees that have 
come directly from the seedbed ( 1-0, 2-0, 3-0) are called 
seedlings. 
A general guideline for planting conifers such as pine and 
spruce is to use transplants when planting difficult sites and 
seedlings for easy sites. Seedlings are used exclusively for 
planting hardwoods (deciduous): 1-0 stock for easy sites 
and 2-0 stock for more difficult sites. 
Containerized seedlings are a relatively new type of planting 
stock. These trees are grown in a greenhouse in small con-
tainers. They can be grown in a short period of time -
between four and eight months, depending on the species. 
Containerized seedlings offer two main advantages. The 
most important is that they can be planted during the grow-
ing season. Planting stock grown in nurseries can be 
planted only in dormant condition before the bud has 
flushed. Secondly, since containerized seedlings can be 
grown in a short time, using them cuts down on much of 
the lead time involved in the planning process. 
Containerized seedlings can be grown by the individual land-
owner. Some equipment is necessary, however, and grow-
ing requirements are rather exactiQg, so it may be best to 
purchase them from a commercial grower. 
SELECTING A PLANTING SITE 
Species requirements such as moisture and soil should be 
carefully matched to the planting site. Soil maps are avail-
able through your local Soil Conservation Service. Generally, 
pines should be planted on coarse-textured sandy soils; 
spruces and fir do well on medium-textured loamy soils. Use 
of hardwoods should be confined to medium- and fine-
textured soils ranging from loam to clay. For professional 
assistance, contact your local county extension service, 
Department of Natural Resources, and Soil Conservation 
Service about the trees you should plant according to your 
soil type. 
Consideration also should be given to selecting a seed 
source. For example, certain varieties of Scotch pine are not 
hardy in northern Minnesota and are very susceptible to dis• 
ease. It is generally recommended that only long-needled 
Scotch pine varieties from central and northern Europe be 
used in Minnesota. Jack pine is another species with sub-
stantial natural variation. For best growth and form, use 
seed sources close to the planting area. 
Some species are very susceptible to diseases and insects 
when planted in the wrong location. White pine is a good 
example. The species is not recommended for planting in 
many areas of Minnesota because of white pine blister rust. 
Generally, the farther a site is from northeastern Minnesota 
and Lake Superior, the safer it is to plant white pine. This is 
because the relatively damp climate near Lake Superior is 
ideal for spreading the disease. 
SPACING OF TREES 
Part of the planning process is deciding on how to space 
trees. Spacing requirements vary, depending on the product 
desired. For example, plantings for pulpwood can be closer 
spaced than can plantings for sawtimber or veneer bolts. 
When planning what spacing to use, consider desired rota· 
tion age, thinning schedules, and pruning. Generally the 
closer the spacing, the longer the rotation will be and the 
more thinning will be required. It is now common practice in 
Minnesota to plant between 700 and 800 trees per acre. 
This provides flexibility for production of either pulpwood or 
sawtimber. The following table shows various spacings and 
corresponding trees per acre: 
Spacing (feet) Trees per acre 
5 x 5 = 25 }43,560 sq ft/acre = 
6x6 
7x7 
8x8 
10 X 10 
CARE OF PLANTING STOCK 
1,742 
1,210 
889 
681 
436 
If you pick up your own trees at the nursery, be sure to pro-
tect them from the wind and sun during transport. Store 
trees in a cool place such as a root cellar. If you store trees 
outside, place them in the shade and cover them for protec-
tion from the wind. Do not use plastic covering; the trees 
may heat up under it. 
Do not store trees in their packages for more than two or 
three days if they are in a root cellar or refrigerated area. If 
you have to store them longer than this, remove trees from 
their packages and plant them temporarily in a shallow 
trench in a cool, shady place. Place trees in thin layers in the 
trench and cover the roots with soil. You can store trees this 
way for a week to 10 days if you keep the soil moist. 
It is important that seedling roots remain moist at all times. 
It is a good idea to water the roots as soon as you receive 
trees. If the trees are in a bundle, apply the water to the end 
of the bundle. Handle trees carefully so you don't break the 
buds or injure the stem or roots. 
PLANTING BY MACHINE OR BY HAND 
If you have a large number of trees to plant, you probably 
will want to obtain a planting machine. County extension 
agents and foresters can provide information about 
machine availability in your particular locality. Tree planting 
by machine is at least a two-person operation. Efficiency can 
be improved by having a third person sorting trees and 
supplying them to the person on the machine. Depending 
on the length of the row, terrain, and size of stock, an aver-
age of 1,000 trees per hour can be planted with a planting 
machine. 
The most common tool used for hand planting is a wedge· 
shaped planting bar. Insert the bar into the soil to open the 
planting slit and insert the tree into the planting slit to the 
proper depth. Remove the planting bar and firm the soil 
against the roots of the tree. To do this, insert the planting 
bar into the ground about three inches from the seedling 
and pull it back to firm the soil around the roots so there are 
no air pockets. Then push forward on the bar to seal the top 
of the slit. Then remove the bar and close the newly formed 
hole with your foot. Be sure the stem is at an erect, vertical 
position and at the proper depth and be sure the roots are 
properly placed. 
A seedling should be placed in the soil at the same depth as 
it grew in the nursery or slightly deeper. This point is marked 
by a slight swelling on the stem referred to as the root collar 
ring. Trim roots cleanly to fit the planting slit if they are too 
long. Do not twist, bend, or otherwise deform them when 
placing them in the hole. Normally, about 600 to 800 trees 
can be planted in this fashion in an eight-hour day. 
Perhaps the best method of tree planting is to dig a hole 
with a shovel and then properly place and distribute the 
roots. This also is the slowest method and is not feasible for 
planting a large number of trees. 
When planting trees, it is important not to expose the roots 
to drying temperatures. On a warm windy day it takes but a 
matter of minutes to kill a root system through exposure. 
The crown will remain green, but for all practical purposes 
the tree is dead before it is planted. Remember, dry seedling 
roots mean dead trees! Planting Trees in Minnesota, Uni· 
versity of Minnesota Extension Bulletin 350, illustrates the 
proper way to plant a tree and provides other information. 
Site Preparation 
Site preparation is best defined as treating the soil and ground 
cover to receive favorably either naturally or artificially sown 
seed or planted seedlings. There are three primary objectives: 
disposal of debris left after logging (logging slash), exposure 
of mineral soil, and reduction of vegetative competition. 
Proper planning of the harvesting operation can help 
accomplish all three objectives. For example, complete 
clearcutting (cutting of all trees) by full tree logging, in which 
the entire tree, crown and all, is skidded across the area, will 
eliminate the slash disposal problem. If the skidding pattern is 
properly designed, this system can provide good mineral soil 
exposure and reduction of vegetative competition. Proper 
design of other types of logging systems can result in slash 
distribution patterns that will facilitate equipment use and 
prescribed burning. 
.MECHANICAL PREPARATION 
There is a wide range of mechanical equipment available for 
site preparation. When mechanized equipment is used, care 
must be taken to avoid scraping off soil during site 
preparation. Many contractors have the necessary equipment 
and commonly bid on large acreages for site preparation. If 
you decide to use a contractor, specify limitations and 
requirements in bid form. For small-scale reforestation efforts, 
you can use a mattock or grub hoe to scalp an area for seed 
placement or tree planting. 
For best success in reducing vegetative competition, 
mechanical site preparation should be done during the 
summer months. Using heavy equipment when the ground is 
wet can result in soil compaction, which may make it difficult 
to get trees established. 
Forest Management Correspondence Course Questionnaire 
(Please fill out and return) 
Onit 2 - Establishing the Forest 
Name _________________________________________ _ 
Address------------------------ County _____________ _ 
1. Describe any site preparation (mechanical, burning, or chemical) you have seen or have done and explain your opinion 
as to its effectiveness. 
2. Have you ever had any experience planting trees? If so, explain. 
3. Do you think your forest needs regenerating? Yes -- No --
If it does, do you think natural or artificial regeneration would be best? Why? 
If you think it doesn't, answer either a or b. 
a. Describe an area you know of that needs regeneration and tell why. 
b. Describe an area that has been regenerated, including species, type of trees, and site, and evaluate the results. 
4. Please list any questions you have. 
The following materials are available on request. Please check those you would like to receive. 
□ Chemical Weed Control in Shelterbelts and Forest Plantations, Forestry Fact Sheet 13 
□ Forest Management, Extension 4-H Bulletin 87 
□ Growing Christmas Trees in Minnesota, Extension Bulletin 361 
□ Growing Trees From Seed, Extension Folder 245 
□ How to Plant a Tree, Extension Tree Line 3 
□ Planting Trees in Minnesota, Extension Bulletin 350 
L 
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PRESCRIBED BURNING 
Prescribed burning often is used to clean up logging slash 
after a timber haivest. The bum has to be quite hot to do an 
adequate job of exposing mineral soil. Usually conditions 
resulting in a bum intense enough to expose mineral soil 
present a risky control situation. Prescribed burning does not 
eliminate vegetative competition. It results in a short-term 
reduction and often creates a different vegetative pattern as 
pioneer species such as grass invade the site. 
A burning permit is required to conduct prescribed bums. It is 
a good idea to get advice from a local forester in planning 
and conducting a bum. 
CHEMICAL PREPARATION 
A number of herbicides are available for site preparation. 
Preemergence herbicides kill germinating seeds and root 
systems before they begin to grow. Postemergence herbicides 
are effective on species that already have started their growth 
and have leafed out. There also are herbicides that can be 
injected or sprayed onto the stems of undesirable species. 
Such herbicides move into the root system and kill the tree, 
preventing sprouting or suckering. 
Herbicides are available in liquid, powder, and granular form. 
They vary in their ability to kill different vegetative species. It is 
illegal to use an herbicide for any purpose or in any manner 
other than for what is stated on the label. Inform yourself fully 
on the proper use of a particular herbicide, follow instructions 
thoroughly, and use good common sense. For advice on 
using herbicides, contact industrial chemical representatives, 
extension agents, or foresters. 
Regeneration Followup 
Regeneration is not complete once the seed is sown or the 
seedling is planted. It often takes as long as five years for a 
tree seedling to become fully established. It is important to 
take periodic survival inventories of your plantation to 
determine success. Also inspect your plantation to assess the 
need for release from competing vegetation and to detect 
potential insect or disease problems. J'v4.aintaining the 
plantation after establishment is essential. 
Herbicides commonly are used for releasing trees from 
competing vegetation. This is especially true on large 
acreages. Aerial application by helicopter is common, but 
ground application with power equipment or with hand-
carried sprayers also is possible. Herbicide application over 
trees should be properly timed so the trees are not damaged. 
It is best to seek professional advice on timing, rates, and type 
of herbicide to use. 
Hand release by cutting the competing stems with brush 
hooks, saws, or axes is feasible on small acreages. These 
tools are dangerous; be careful if you use them. The cut 
material probably will sprout or sucker, so more than one 
such release may be necessary. 
Use this regeneration followup schedule as a guideline: 
1 ) End of year one: check survival and plan for year two 
replacement trees if necessary. 
2) End of year two: check survival and determine need 
for release from competition. 
3) End of year four: evaluate effectiveness of release 
and determine whether or not tree establishment has 
been successful. 
4) End of year ten: determine needs for future prac-
tices such as thinning. 
Summary 
Follow these sequential steps in planning forest regeneration: 
1) Determine your objective(s) in wanting to obtain 
forest regeneration. 
2) Prepare a site description and note any special 
problems and limitations. 
3) Evaluate harvesting systems and determine how you 
can use them to help establish a new forest. 
4) Evaluate site preparation alternatives and select one 
that is appropriate to the conditions of the site. 
5) J'v4.atch species to the site conditions. 
6) Select a proper regeneration method that is 
compatible with your initial objective(s) and with the 
site conditions. 
7) Schedule your activities and initiate action. 
8) Outline a regeneration survey scheme and 
maintenance procedures. 
Additional References 
There are many useful publications on topics pertinent to 
forest regeneration. Those available on request are listed on 
the questionnaire at the end of this folder. Requests will be 
mailed with the next unit. 
The following U.S. Department of Agriculture handbooks can 
be purchased from the Superintendent of Documents, U.S. 
Government Printing Office, Washington, DC 20402, or they 
might be available in your local library. Your local county 
extension office also might have them available for loan. 
Hardwood Nurseryman"s Guide, USDA Agriculture 
Handbook 473 ($5.50) 
Seeds of Woody Plants in the United States, USDA 
Agriculture Handbook 450 ($24) 
Glossary 
Afforestation - Establishment of a forest on an area not 
previously forested (on a prairie, for example). 
Canopy - The cover of trees and other woody plants on an 
area. 
Ecology - The science that deals with the relationship 
between organisms and their environment. 
Herbicide - A chemical used for killing plants or interrupting 
their normal growth. 
Reforestation - The natural or artificial restocking of an area 
with forest trees. 
Release - The act of freeing trees from competition by 
cutting or otherwise removing or killing nearby vegetation and 
branches (usually applied to young stands). 
Stand - The smallest unit making up a forest. A stand is 
uniform in species composition, age structure, and condition 
and so is distinguishable as a unit or area. 
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